Methods have been devised to harvest megakaryocytes from guinea pig femoral marrow and to isolate them in high yield. When marrow tissue was disaggregated the megakaryocytes underwent degenerative changes characterized by the loss of cytoplasmic granules and alterations in membrane topography, similar to the changes seen in aggregating platelets. These morphologic changes were interpreted to mean that megakaryocytes possessed functional attributes of platelets. The use of agents which inhibit platelet aggregation (0.38% sodium citrate, 10 -s M adenosine, and 2 • 10 -8 M theophylline) in a medium free of bivalent cations prevented these changes. This solution resulted in both an excellent morphologic preservation and a significantly increased recovery of megakaryocytes from marrow tissue. A two-step purification of the intact megakaryocytes was carried out on the basis of their low density and large size, with equilibrium density gradient centrifugation followed by velocity sedimentation. This sequence gave approximately a 100-fold enrichment of megakaryocytes, significantly better than that achieved with either method alone. These techniques for harvesting and concentrating megakaryocytes make it possible for the first time to study megakaryocytes in vitro.
Circulating platelets are produced in mammals by megakaryocytes. The relationship between these two types of cells was deducted from their tinctoriai similarities on light microscopy by Wright in 1906 (37) . Megakaryocytes are unique cells: they are large and polyploid (7, 13) , and each one gives rise to numerous progeny by a process appearing to be an organized fragmentation (3, 38) . Their 2-or 3-day lifespan (10, 11) from the onset of differentiation to platelet shedding encompasses a great deal of activity, but the functions and cellular physiology of megakaryocytes remain little understood because there has been no satisfactory method to study them in vitro.
Until now, megakaryocyte morphology and physiology have been examined only in sections of marrow tissue or in marrow smears. In past studies the number of observations on megakaryocytes has been limited by their relative infrequency in the marrow, where they comprise a fraction of 1% of all cells. Recent advances in cell separation procedures (16, 23) suggested the possibility of obtaining relatively pure populations of megakaryocytes for study in vitro.
We now report the first method for isolating large numbers of intact megakaryocytes. We also report evidence supporting the concept of behavioral kinship between megakaryocytes and platelets.
MATERIALS AND METHODS

Removal of Bone Marrow from the Animal
Male guinea pigs, 350-400 g in weight, of the ChaseLemoen Rockefeller University strain, were killed by exsanguination and injection of air into the thorax. The femurs were promptly removed, cleaned of adherent tissue, and gently cracked open with a bone rongeur. The marrow tissue was scooped out in large pieces with a small curved spatula.
Preparation of Bone Marrow Suspensions
Bone marrow tissue from one femur was immersed in 5 ml of one of the solutions described below, in a 3.5-cm plastic petri dish (polystyrene, no. 3001, Falcon Plastics, Oxnard, Calif.). The entire sample was cut up with small scissors and forceps into pieces no longer than 2 ram. The dish was swirled a few times and the supernate aspirated and discarded. The remaining solid tissue was minced with a razor blade. The minced tissue was suspended in an additional 5-ml aliquot of the same medium and transferred to a 17 x 100-mm plastic tube (all tubes used were polypropylene, Falcon Plastics), using a Pasteur pipette with its narrow part broken off to leave an orifice of about 3 mm diam. All glassware was routinely treated with Siliclad (Clay Adams, Div. of lkcton, Dickinson & Co., Parsippany, N. J.). The marrow particle suspension was vigorously pipetted 8 10 times with the wide-bore Pasteur pipette to break up the cell clumps into single cells.
Suspending Media
The solution in which the marrow tissue was immersed and then resuspended was either Hanks' Balanced Salt Solution, containing calcium and magnesium (HBSS), ~ or calcium-and magnesium-free Hanks' balanced salt solution (CMFH; Grand Island Biological Co., Grand Abbreviations used in this paper: HBSS, Hanks' balanced salt solution; CMFH, calcium-and magnesiumfree Hanks' balanced salt solution; PGE~, prostaglandin Et; CATCH, sodium citrate (0.38%) + adenosine (10 -3 M) + theophylline (2 • 10 -s M) in calcium-and magnesium-free Hanks' balanced salt solution; BSA, bovine serum albumin.
Island, N. Y.). Citrated solutions were made by adding one-tenth vol of 3.8% sodium citrate. Other additives included prostaglandin E~ (PGEt, courtesy of Dr. John Pike, Upjohn Co., Kalamazoo, Mich.), adenosine, theophylline, apyrase, epsilon-amino caproic acid, N-ethyl maleimide, dibutyryl cyclic adenosine monophosphate, and ouabain (all from Sigma Chemical Co., St. Louis, Mo.). The pH of each solution was adjusted by addition of isotonic HCI or NaOH after all other additions.
Quantitation of Megakaryocytes in Marrow Cell Suspensions
Freshly prepared marrow cell suspension was added to Turk's solution (HeUige, Inc., Garden City, N. Y.) and the nucleated cells were enumerated in hemocytometers (improved Neubauer type, American Optical Corp., Southbridge, Mass.). Megakaryocytes and other cells were counted at 160 magnification with phase-contrast optics. The megakaryocytes were identified by their size (> 16 tam), nuclear morphology (bilobed or multilobed), and prominent light refraction. One pipette sample was used to fill both chambers of each hemocytometer and four samples were taken from each marrow cell suspension. From these eight determinations a mean megakaryocyte count and a total nucleated cell count were calculated. The results were expressed as the number of megakaryocytes per 1,000 nucleated marrow cells. The result of suspending marrow cells from one femur in a particular medium was compared to the result obtained with the cells of the other femur of the same animal in a different medium. The same mechanical procedure was employed for all specimens. Each medium tested differed from its control in a single parameter. The effects of different media on the same population sample were analyzed for statistical significance, using a paired onetailed Student's t test (12) .
Concentration of Megakaryocytes from Marrow Cell Suspensions
The harvested marrow cells were poured through a stainless steel sieve (100 mesh, hole diameter 149 tam) into petri dishes. The cells were washed twice by centrifuging (250 g for 10 min) and replacing the medium with CMFH containing 10 -3 M adenosine, 2 • 10 -s M theophylline and 3.5% bovine serum albumin (BSA, Fraction V, Armour Pharmaceutical Co., Chicago, !11.), pH adjusted to 7.4. For all experiments the albumin was obtained from a single batch and used without prior dialysis. The cells were then resuspended in this proteincontaining solution at a concentration of approximately 10' marrow cells/ml. This suspension was layered (1.8 ml per tube) over four discontinuous density layers (1.8 ml each) of solutions of BSA in CMFH, pH 7.4, with specific gravities ranging from 1.035 to 1.050, as shown in Fig. 1 CMFH was prepared by adding 29 g BSA to 100 ml of glass-distilled water and 7.9 ml of 10 x strength CMFH; the pH of the solution was then adjusted by slow addition of approximately 7 ml of 1 N NaOH and then 2-3 ml of 0.15 mi N NaOH as necessary. The total volume was approximately 123 ml. The solutions of different specific gravities were derived from stock solutions of 22% BSA by comparisons of refractive indices (AO T/C Refractometer, American Optical Corp., Scientific Instrument Div., Buffalo, N. Y.) with a standard curve. Four cellulose nitrate tubes (5/a x 3 in, Beckman Instruments, Inc., Spinco Div., Palo Alto, Calif 9 containing the density gradients were spun in a swinging bucket rotor at 10,000 g for 30 min (Lourdes model LRA centrifuge, maintained at 4~ The low-density population of cells suspended at the density interfaces was collected and pooled. After one wash in CMFH, the cells were resuspended in 4.2 ml of CMFH (approximately 3 • 106 cells/ml); 1.0 ml was layered over each of four glass tubes (17 x 75 mm) containing a very shallow discontinuous density gradient of BSA in CMFH (cf. Fig. 1) , with specific gravities of 1.0022-1.0089 (1.8 ml of each layer). The tubes were kept upright on the table top while the cells were allowed to settle at room temperature. After 30 min the uppermost ~3 ml of solution in each of the four tubes was withdrawn and discarded; the cloudy bands of cells at the first two interfaces were thus excluded. The remaining ceils were centrifuged into a pellet and washed once with 3.5% BSA in CMFH and then used for morphologic and quantitative studies. In preliminary experiments, the concentrations, the specific gravities of the solutions, and the times employed for these two techniques were systematically varied in order to maximize the megakaryocyte enrichment 9 The conditions specified above resulted in the best enrichment.
Quantitation of Megakaryocytes before and after Each of the Concentrating Procedures
At this step, suspensions of cells were counted directly, i.e. not in Turk's solution. Four determinations were made for each cell suspension. The number of megakaryocytes per 1,000 cells in suspension was calculated; this method included erythrocytes as well as nucleated cells.
Determination of Viability of Megakaryocytes
Cell integrity was determined by counting the proportion of megakaryocytes which excluded trypan blue. Cells wet:e suspended in CMFH with 3.5% BSA (wt/vol).
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100-~al samples (Yankee Micropets, Clay Adams, Parsipparty, N. J.) of the cell suspensions were added to 100 #1 of 2% trypan blue (Allied Chemical Corp., New York) and 50 ~1 of 1.8% NaCI. After mixing, duplicate hemocytometer counts of 100-200 megakaryocytes each were evaluated at magnification 160 with phase-contrast optics.
Morphologic Observations of Megakaryocytes in Suspension
PHASE-CONTRAST MICROSCOPY: Living cells were examined by phase-contrast microscopy at magnification 160 in hemocytometers. For observations at greater magnification, cover slip preparations were made of cells fixed in 2.5% glutaraldehyde in cacodylate buffer, pH 7.4, for 15 min, then resuspended in saline. Phase-contrast (x 1,000) and interference phase-contrast (Normarski, x 400) observations were carried out on this type of preparation. Sizes of individual megakaryocytes were determined with the use of an eyepiece micrometer disk (Bausch & Lomb Inc., Rochester, N. Y.) which was standardized with the engraved hemocytometer chamber; for megakaryocytes not completely spherical, the average of the longer and shorter axes was calculated. Human erythrocytes from a healthy subject were similarly fixed and sized as a control for possible osmotic changes induced in the cells by the fixation medium.
BRIGHT-FIELD MICROSCOPY: After centrifugation of a cell suspension onto cover slips in flat-bottomed vials (1 x 10b-2 • 10 6 cells/cover slip), the medium was aspirated and the cells were rapidly air dried. The cover slips were stained with Wright's (Hartman-Leddon Co., Philadelphia, Pa) and Giemsa's (Gradwohl Laboratories, St. Louis, Mo.) stains. On the basis of this staining, maturation stages of megakaryocytes could be classified easily by the following scheme: stage 1, the youngest megakaryocytes, with a high nuclear/ cytoplasmic ratio and basophilic cytoplasm but no granulation present; stage II, maturing cells, with granule formation but with some basophilia remaining in the cytoplasm; stage Iil, mature megakaryocytes, with eosinophilic cytoplasm full of granules and without residual basophilia. Occasional stage 1 ceils had a pale, slightly eosinophilic area in the center of the cell where, as shown by electron microscopy, the Golgi zone was located; nonetheless, since these cells had no definite granulation they were assigned to stage I. Essentially the maturational distinctions were among all basophilic cells, partially eosinophilic and basophilic cells, or wholly eosinophilic cells.
ELECTRON MICROSCOPY: Cell suspensions were prepared for electron microscopy by centrifugation (250 g for 10 min). Cell pellets were fixed with 2.5% glutaratdehyde in 0.1 M cacodylate buffer, oH 7.4, at room temperature for 10 min, then chilled on ice for 10 min. The cells were centrifuged once morc (250 g for 2 min) and the fixative was replaced with an ice-cold mixture of one part 2.5% glutaraldehyde and two parts I% osmium tetroxide, both in cacodylate buffer, for 15 min (I 1). The cells were washed three times with ice-cold saline by centrifugation at 250 g for 2 min. The ceils were then placed in cold 0.25% uranyl acetate (0.1 M acetate buffer, pH 6.3) for 1-16 h. After two more washes in cold saline, the cells were centrifuged in small glass conical tubes (250 g for 2 min); the supernate was removed and the cells were suspended in molten 2% Noble agar at 140~ (Difco Laboratories, Detroit, Mich.) and immediately centrifuged (18) . The cell pellet in agar was dehydrated in a graded series of alcohol concentrations, embedded in Epon (19) , and thin sections were obtained with a Porter-Blum MT-2 ultramicrotome (Dupont Instruments, Sorvall Operations, Newtown, Conn.). Sections were stained with lead citrate and uranyl acetate (33) and photographed with a Siemens IA electron microscope. Marrow tissue blocks were prepared in a similar manner as controls for morphologic changes produced by the various procedures employed.
Megakaryocyte surface membrane staining was enhanced by fixation of cells in suspension with 2.5% glutaraldehyde in 0.1 M cacodylate buffer containing 8% tannic acid and 0.015 M CaCI~, as outlined by Fedorko and Levine. 2 Thin sections were not stained.
R ESU LTS
The Effect of Harvesting Megakaryocytes in Different Media
When bone marrow tissue was suspended in HBSS, the megakaryocytes were found usually to have extensive vacuolization (Fig. 2, inset) . Compared to their ultrastructural appearance in marrow fixed en bloc, the apparent alterations induced in megakaryocytes during marrow disaggregation were loss of granules and the appearance of membrane-enclosed spaces or vacuoles (Fig. 2) . In these cells, although granules were greatly diminished in number, other organelles, including mitochondria, endoplasmic reticulum, Golgi apparatus, and nuclei, showed excellent preservation. These apparent vacuoles were investigated using tannic acid during fixation to enhance the staining of the plasma membranes (Fig. 3) . Because the tannic acid as used does not penetrate intact ceils (31), the spaces designated V in Fig. 3 are continuous with the extracellular space. The membranes enclosing these spaces are stained with electron-dense deposits. They are continuous with the outer surface membrane and thereby identified as plateFedorko, M. E., and R. F. Levine. Submitted for publication. let-demarcating membranes. Thus, these apparent vacuoles are derived from the demarcation channels apparently by separation of the invaginated surface membranes which were formerly closely apposed (3, 20) , as discussed below.
In an attempt to block these alterations we examined the condition of megakaryocytes after suspending marrow in different media. Substantial differences in the preservation of megakaryocytes were observed with phase-contrast microscopy. It was evident that often one medium was much more successful than another in preventing vacuolization. It also became apparent in these comparisons that the use of certain substances resulted in an increase in the number of megakaryocytes obtained from marrow tissue. This observation led us to undertake a systematic evaluation of the effects of different media on the content as well as on the preservation of megakaryocytes in marrow suspensions.
In Table I are the results of paired assays evaluating the quantitative benefits of a single agent or condition of the harvest of megakaryocytes from equivalent marrow tissue. The exclusion of bivalent cations (comparison a) and stepwise inclusions of citrate, adenosine, and theophylline in CMFH (comparisons b, d-f) gave statistically significant improvements in content of identifiable megakaryocytes over those obtained with simpler solutions. A slightly low pH did not enhance the content (comparison c). In a direct comparison, adenosine was equal to theophylline in increasing the content of megakaryocytes (Table  I , g); however, when the two drugs were combined, an additive effect on the content was produced (comparison./). The addition of albumin, aspirin, dipyridamole, imipramine, chlorpromazinc, heparin, or procaine did not improve the content.
Marked improvements in the degree of preservation of megakaryocytes generally paralleled their enhanced content. Sometimes the morphological differences between cells in two different media were noted to be more substantial ~han FIGURE 3 The demarcating membranes (small arrow) and the surface membrane (double arrows) have increased electron density due to the use of tannic acid in the initial fixative. Also shown are the extracellular space (E), vacuoles (V), and cytoplasmic granules (g). x 23,300. FIGURE 4 Megakaryocytes harvested in CATCH medium and concentrated by density equilibrium centrifugation followed by velocity sedimentation. At low magnification the megakaryocytes, which are large, are readily distinguished from the contaminating cells, x 2,810.
the differences in content. The use of PGEt (10 -5 M), for example, had a more impressive effect on inhibiting vacuolization than it did in enhancing the content (comparison h). Some other substances added to facilitate the harvest of megakaryocytes gave morphologic and quantitative resuits which were similar to those obtained with adenosine or theophylline but were not additive to those obtained with the combined C A T C H medium: examples included N-ethyl maleimide (10 -3 M), dibutyryl cyclic adenosine monophosphate (5 x 10-' M), and ouabain (10 -~ M). The combined medium, citrate + adenosine + theophylline in C M F H (CATCH), gave a 67% mean enhancement of content, a highly significant improvement compared to the harvest with HBSS (Table I, i) . The quantitative data indicated that the C A T C H medium gave the greatest enhancement of megakaryocyte content of all the substances and combinations tested. Though cell preservation in different media was not so thoroughly documented, no other agents added to C A T C H medium gave further improvement in the appearance of megakaryocytes. Light and electron microscope evaluation of megakaryocytes harvested in this medium showed that, though loss of granules and dilation of the platelet-demarcating channels were not totally abolished, the extent of these alterations was much less in most megakaryocytes and only small numbers of them had the extensive alterations usual in cells harvested in HBSS. Otherwise the megakaryocyte morphology was identical to that seen in tissue blocks. Consequently, C A T C H was used as the standard medium for making marrow cell suspensions.
Concentration of Megakaryocytes from the Harvested Marrow Cell Suspensions
The most efficient way to enrich the megakaryocytes was to use equilibrium density centrifugation followed by velocity sedimentation (Table I I ). The density gradient centrifugation resulted in a substantial concentration of megakaryocytes, 15.5-fold (Table II) , but the recovery was not high, 27% (middle line of Table 1I ). The velocity sedimentation step (bottom line in Table I1 ) was able to conserve most of the megakaryocytes while its effect on concentration was not so great (sixfold) as with the first part of the procedure. The complete concentration procedure gave a 93-fold enrichment of megakaryocytes from the marrow cell suspension harvested in CATCH medium. Overall megakaryocyte recovery was 21%. Most 
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of the megakaryocytes not recovered in these two procedures were found in the pellets and supernates, respectively.
Trypan blue exclusion was used to determine how the two-part procedure affected the megakaryocytes. In three of these experiments (data in Table II ), 73% of the megakaryocytes in the freshly harvested cell suspensions were viable, 81% after the density centrifugation steps, and 92% after the velocity sedimentations. Therefore, both of the concentration techniques favored the enrichment of viable megakaryocytes, so that after the enrichment procedure the cell integrity was excellent. If the data in Table II were recalculated on the basis of only dye-excluding megakaryocytes, there was a final concentration of l l7-fold and a recovery of 25.7%.
Attempts to concentrate megakaryocytes by reversing the sequence of the procedure, i.e. velocity sedimentation followed by density gradient centrifugation, gave lesser yields. When the velocity sedimentation was carried out first, the high degree of cell loading (approximately 2 • 108 cells/ml) might have impaired the efficiency of the separation procedure; however, the use of a discontinuous gradient resulted in no visible streaming or clumping below the second interface (i.e. 1,0022:1.0045), presumably because of the much lower cell load at that interface. A velocity sedimentation without a preceding density gradient centrifugation generally gave an average 10-fold concentration with good recovery. Two successive velocity sedimentations never surpassed a 44-fold concentration.
The megakaryocytes were concentrated by the two-part procedure to 33% purity. Fig. 4 shows the appearance of the enriched population. Other types of cells present included nucleated erythrocyte precursors, promyelocytic and myelocytic neutrophils and eosinophils, and small numbers of erythrocytes, mononuclears, and undifferentiated cells. Lymphocytes, macrophages, mature granulocytes, fat cells, osteoblasts, and osteoclasts were absent or rare.
The mean yield with the two-part procedure was about 6 x 105 megakaryocytes from four guinea pig femurs. Cell pellets of adequate size for easy and convenient ultrastructural study could be prepared from the yield from two femurs. The electron micrograph in Fig. 5 shows that many megakaryocytes could be easily studied in a single specimen. In contrast, marrow blocks contain about one megakaryocyte per section.
Maturity and Sizes of Megakaryocytes before and after Concentration
Observations were made to determine whether the megakaryocytes enriched by the two-step procedure were representative of the harvested pool of megakaryocytes or were a selected subpopulation. Maturation stages of megakaryocytes before and after concentration were compared. The appearance of megakaryocytes on stained smears was used to classify the maturational stages (see Materials and Methods). In three experiments, 200 cells were evaluated from the cell suspensions before and after concentration. The harvested marrow cell suspensions contained an average of 25% immature, 56% intermediate, and 20% mature megakaryocytes. The concentrated populations consisted of 21% immature, 62% intermediate, and 17% mature megakaryocytes.
When the diameters of megakaryocytes from a marrow cell suspension and of megakaryocytes in a concentrated population derived from it were compared (Fig. 6) , there was a negligible difference in the mean sizes of the two groups. The similarity of the histograms suggests that on the basis of size as well as maturation the megakaryocytes isolated by this procedure were not a subpopulation of the original marrow cell suspension.
Morphologic Observations on Concentrated Megakaryocyte Populations
Megakaryocytes harvested and concentrated by the above method typically showed densely granulated cytoplasm (Figs. 4 and 5) , in contrast to the foamy cytoplasmic appearance of megakaryocytes harvested in HBSS (Fig. 2 and inset) .
When fixed in suspension, the megakaroycytes usually were spherical and occasionally ellipsoidal, with a mean diameter of 27.5/am but occasionally as small as 10/am.
When the megakaryocytes were kept in proteincontaining solutions during the concentration procedure the artifacts were further minimized or reversed. There were minimal or no differences between most of the isolated megakaryocytes (Figs. 5 and 7 ) and the megakaryocytes fixed in marrow blocks. There was excellent preservation of most megakaryocytes; the only artifact was an occasional area of separation of the apposed membranes of the platelet demarcation system (Fig. 5) . Especially impressive examples of the preservation achieved were cells such as those seen in Figs. 5 (center-right cell) and 7, in which platelet FIGURE 5 Agar-embedded cell pellet from concentrated megakaryocyte population (see Materials and Methods). Representative electron micrograph shows the large number of megakaryocytes that can be seen in one specimen. Compared to Fig. 1 , artifactual vacuolization is minimal and seen mostly in the periphery of some cells. Maturation stage varies from one cell to another and is most advanced in the center-right cell.
• 3,400. shedding seemed imminent at the time of fixation. Although no exact quantitation was attempted, it was estimated that such fully mature megakaryocytes comprise approximately 1% of the megakaryocytes both in situ and in the enriched populations.
DISCUSSION
Intact megakaryocytes have been enriched approximately 100-fold from guinea pig femoral marrow. The excellent preservation and the good yields of megakaryocytes were made possible by the use of certain agents not required for the harvest of other cell types. The purification procedure involved two different techniques--equilibrium density centrifugation followed by velocity sedimentation. The methods used to harvest and concentrate megakaryocytes were short and simple and required no unusual equipment. Guinea pigs were chosen in preference to other species for this study because an adequate mass of marrow tissue could be obtained simply and quickly, the gelatinous tissue was easily handled, little fat was present in the femoral marrow of young guinea pigs, and not least, because guinea pigs appeared to us and others 8 to have a greater concentration of megakaryocytes in the marrow. We obtained 2 10 times more megakaryocytes a Paulus, J.-M, personal communication.
from guinea pigs than were previously found in marrow cell suspensions from man (27, 34) , rats (30) , and mice (9, 26) .
Successful isolation of megakaryocytes involved two separate problems: harvesting the marrow and concentrating the megakaryocytes. In previous reports on megakaryocytic counts in marrow cell sugpensions by other authors (9, 26, 27, 30, 34) , there were no comments on the condition of the megakaryocytes. Other workers have observed, however, that disaggregation of marrow tissue generally affects megakaryocyte morphology adversely.~. 5 Our analysis of electron micrographs has made apparent the selective nature of the changes in megakaryocytes: the most obvious alteration was dilation of the spaces separating apposing membranes of the platelet demarcation system. This system consists of a small number of invaginations of the surface membrane (20) which proliferate throughout the megakaryocyte and eventually divide the cytoplasm into individual platelets (3, 38) . The narrow space between the apposed membranes is continuous with and accessible to the space outside the cell. These membranes are similar histochemically and structurally to (and are probably identical with) the megakaryocyte ' White, J. G., personal communication. 5 Pennington, D. G., personal communication. 
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and platelet surface membranes (3). In the "vacuolated" megakaryocytes seen in HBSS, the spaces of the demarcation system could conceivably have enlarged because of fusion of the granules with the demarcating membranes and/or a retraction of the membrane-enclosed cytoplasm.
The other major change in the megakaryocytes harvested in HBSS wase the large-scale loss of cytoplasmic granules. These granules in platelets contain adenosine diphosphate, serotonin, calcium, and several other substances (25) . Platelet shape changes and degranulation are physiologic responses preceding aggregation and occurring in response to collagen, subendothelial microfibrils, adenosine diphosphate, epinephrine, and many other substances (4, 8, 36) . In megakaryocytes the internal topographical alterations and the loss of granules are reminiscent of and may be comparable to platelet reactions.
It seemed likely that the changes seen in harvested megakaryocytes represent a platelet-like response to the same chemical and surface stimuli that affect platelets. Some of the agents that cause platelet aggregation are normally found in all tissues. The alterations observed in megakaryocytes, then, might be due primarily to chemical, not mechanical, trauma. Furthermore, it seemed that those agents and conditions that inhibit platelet aggregation might also decrease the extent of the megakaryocyte alterations. This latter proposition was tested by evaluating the effects on morphology and yield of a number of known inhibitors of platelet function. Some of the substances tested had a noticeable effect on the harvest of marrow tissue so that the megakaryocytes were morphologically more like those that we and others (3, 20, 38) observed in situ. Moreover, a quantitative improvement was found in the number of harvested megakaryocytes. The data demonstrated that megakaryocyte alterations could be blocked by inhibitors of platelet function. The idea of protecting the integrity of the megakaryocytes as they are harvested and concentrated is conceptually related to the work of Ardlie (1), who developed complex solutions to preserve the function of platelets during their isolation from blood.
The benefits of CATCH medium in harvesting megakaryocytes are probably due to several factors. The disaggregation of marrow tissue is possibly more complete, as is the case with many other tissues, when bivalent cations are not available. In addition, calcium ions are required for platelet degranulation and aggregation (14, 32) . Citrate might contribute by chelating endogenous calcium ions. Adenosine stimulates adenylate cyclase (24) . Theophylline is a known antagonist of phosphodiesterase and thereby inhibits platelet changes by preventing the breakdown of cyclic adenosine monophosphate (2, 29) . The data in the current study are consistent with the concept that the latter two substances affect megakaryocytes by synergistic mechanisms (5) . The amount of adenosine found effective is approximately 10-fold greater than the concentration necessary to inhibit human platelet aggregation in vitro; that of theophylline was no different (39) . Since the specific stimuli that affect the megakaryocytes during marrow tissue disruption are not known, it is not possible to compare the sensitivity of megakaryocytes to that of platelets.
Without the protection afforded by the inhibiting agents, up to 40% or more of marrow megakaryocytes appeared to have been lost during the harvesting procedure. Their fate is not known. It might be that marked vacuolization and degranulation made the cells much more susceptible to physical trauma such as tissue mincing and pipetting, so that some of the cells were disrupted and were no longer identifiable. The other cell types present are known not to be drastically affected by these agents, conditions, and mechanical procedures, as used. Since the inhibiting agents clearly preserved the megakaryocyte morphology, we believe that the improved content of megakaryocytes in marrow cell suspensions is a quantitative expression of this preservation and represents a better recovery or yield from marrow tissue.
In comparing the effects of different media, an assumption was made a priori that marrow tissue from opposite femurs of the same animal contained equivalent cell populations. A comparison of the megakaryocyte content in identical media gave results that were consistent with this hypothesis. The differences in content between an arbitrarily chosen first femur and the other femur processed in the same medium, or between media of insignificantly different pH, were never more than a few per cent. The quantitation of nucleated cells for these comparisons obviated the unpredictable contributions of variable amounts of circulating blood and/or marrow tissue included in the specimens.
The theory underlying cell sedimentation states that the rate is largely a function of cell size (16, 23) . Therefore, it seemed logical that velocity sedimentation should be an appropriate method to concentrate the intact megakaryocytes. Other authors have reported some degree of success in other species with the use of velocity sedimentation to achieve megakaryocyte concentrations of 1 3% (26, 30) . These reports give no data on the intactness or total yield of megakaryocytes. Mel reported that the STA-FLOW velocity sedimentation technique was suitable for megakaryocyte enrichment (22) , but quantitative data are lacking. In our experience, velocity sedimentation was not so effective a concentrating procedure for megakaryocytes as expected. The large difference in specific gravity between megakaryocytes and most other marrow cells prevented a good separation of megakaryocytes solely on the basis of size. The density equilibrium centrifugation was a more effective single technique for concentrating guinea pig megakaryocytes. The combination of the two techniques gave significantly increased enrichment compared to that obtainable by a single technique. Other workers (17, 28) have used velocity sedimentation to "characterize" further cells separated by a prior density gradient centrifugation, but this combination has not had much use for the primary purpose of purifying a single cell type.
The recovery of megakaryocytes at the end of the velocity sedimentation step could be varied to give greater purity or greater yield, depending on the objective of the study. There was an inverse relationship between these two parameters. If a greater volume of the gradient was discarded, relatively more of the contaminating cells were removed, resulting in megakaryocyte purity up to 42% with a total yield of 4 • 105 megakaryocytes per experiment. If a lesser volume was discarded, the yield was often higher, up to 9 • 105 megakaryocytes from four femurs, but purity fell as low as 24%.
The data on size and maturation profiles showed that megakaryocytes in concentrated populations were quite similar to megakaryocytes from marrow cell suspensions. Exactly how representative the latter cells are of the in vivo pool cannot be answered directly. Previous estimates of mean size of megakaryocytes were based on data from histologic sections, If one accepts Harker's estimate that the latter measurements should be corrected to reflect a 25% shrinkage during fixation (15), the results of several authors agree closely with our own, despite the species differences (6, 15, 21) . Erythrocytes that were fixed in the same way as our megakaryocyte preparations had the same mean size as unfixed erythrocytes, as reported by Westerman et al. (35) , implying that our size data are accurate and need no correction. We conclude that the pool of concentrated megakaryocytes is probably representative of the in vivo population.
The previous handicap of having to study megakaryocytes in situ and in limited numbers has been overcome. Extensive morphologic, physiologic, and chemical studies may now be carried out with the large numbers of megakaryocytes obtained.
